Abstract Heavy metals have seriously contaminated soil and water, and done harm to public health. Academician WANG Naiyan proposed that ion-implantation technique should be exploited for environmental bioremediation by mutating and breeding plants or microbes. By implanting N + into Taikonglian No.1, we have selected and bred two lotus cultivars, Jingguang No.1 and Jingguang No.2. The present study aims at analyzing the feasibility that irradiation can be used for remediation of soil and water from heavy metals. Compared with parent Taikonglian No.1, the uptaking and accumulating ability of heavy metals in two mutated cultivars was obviously improved. So ion implantation technique can indeed be used in bioremediation of heavy metals in soil and water, but it is hard to select and breed a cultivar which can remedy the soil and water from all the heavy metals.
Introduction
In view of the electronic, energetic and qualitative effects of ions, the low-energy ion implantation technique has been utilized in mutation breeding in China since 1986 [1] , because it can induce mutations of DNA in organism cells [2] . YU et al. [3∼5] from the Institute of Plasma Physics (IPP), Chinese Academy of Sciences, initially applied this technology to the biological field and have done some systemic researches, from which major breakthroughs have been achieved in crop seeds and microorganisms breeding. Since 1990s, ion implantation has been widely acknowledged as a new inducedmutation breeding technique.
As a new induced-mutation method, a considerable number of mutants have been obtained in many kinds of crops and microorganisms [6, 7] . College of Nuclear Science and Technology, Beijing Normal University (CNST-BNU) and Beijing Radiation Center (BRC) have done many researches in plant and microorganism induced-mutation breeding by ion implantation, and acquired some achievements. So Academician WANG Naiyan proposed that ion-implantation induced-mutation should be exploited in pollution bioremediation by mutating plants or microbes.
Owing to negative impacts on the nature of human's production activities, soil and water are now seriously polluted by heavy metals [8, 9] . The cost of traditional physical and chemical remediation methods was expensive. Moreover, the negative and latent effect of traditional methods on environment was sometime even more severe than nothing to be done. It has been proven that phytoremediation was more effective than other methods and easily operated [10] . Phytoremediation includes phytoextraction, phytotransformation, phytovolatilization and phytostabilization. The mechanism of phytoremediation includes physiology, molecular biology, metal-organic ligand, subcellular distribution and chemical forms of heavy metals in plants, and activation of soil heavy metals [11] . Nymphaea spontanea is a water plant with good ability of accumulation of heavy-metal [12] . Nelumbo nucifera is similar to Nymphaea spontanea in growing habitat and characters, and we have selected and bred a cultivar "Jingguang No.1", which was certified as "National Key and New Product" [13, 14] . So uptaking and accumulating ability of heavy metals in Lotus (Nelumbo nucifera) improved by ion implantation was studied in this article. 
Materials and methods

Experimental field and plant materials
Sample preparation
Dried fruits and leaves were grinded into 40× powder respectively, and preserved in an airer. The 40× powder of fruits and leaves would be used to detect and determine the content of heavy metals.
Detection and determination of heavy metals
The samples were digested to detect the content of heavy metals [15] . The elements (As, Hg, Cu) were simultaneously analyzed using ICP-atomic emission spectrometry (ICPS-7000; Shimadzu, Tokyo, Japan). The Pb and Cd concentrations were determined using ICP-atomic absorption spectrometry (Shimadzu, Tokyo, Japan).
For each heavy metal in this study, the detecting test was repeated three times, and the mean values were adopted as the experimental results. For lotus fruits (Table 2) , the contents of As, Cd and Cu in Jingguang No.1 were enhanced, Hg and Pb depressed. The contents of As, Hg, Pb were enhanced in Jingguang No.2, Cd and Cu depressed. As for the whole plant, the same results can be shown (Fig. 1) in both Jingguang No.1 and No.2: the content of some heavy metals was higher than the parent, but some others lower than the parent. Above all, we may find that ion implantation could induce the potential of lotus so that its uptaking ability of heavy metals could be changed, higher or lower. So irradiating technology can be exploited to be used in bioremediation of heavy metals pollution in soil and water. On the other hand, the results of heavy metal content in fruits also gave us a clue that if we would select some cultivars as one kind of food, more attentions should be laid on heavy metals, namely food quality and safety. Combined with the results above, we got other helpful views in the study (Fig. 1) For Pb, its content in both mutated cultivars was higher than that in the parent; the other way around, the content of Cu in both mutated cultivars was lower than that in Taikonglian No.1. As to Hg, the content variation in two mutated cultivars was even opposite to the case of As and Cd.
Above all, different mutated cultivars by ion implantation had different accumulated ability for each heavy metal ( Fig. 1) , which are also shown in Tables 1 and 2 . So when we select and breed a plant cultivar to remedy heavy-metal contaminated soil or water, we should aim to relieve one, at most two, heavy metals, because we could hardly get an ion-implant-induced cultivar which can relieve all the heavy metal.
Conclusions
In this study, we found that ion implantation could induce the potential of lotus so that its uptaking ability of heavy metals could be changed. So ion-implantation technology could be exploited to be applied to soil and water remediation.
But different mutated cultivars by ion implantation had different accumulated ability for each heavy metal. So we should aim to obtain relieving-one-heavy-metal plant cultivar, because we could hardly get a plant cultivar which can remedy the soil and water from several heavy metals. These findings not only help us to apply ion-implantation technology to contamination remediation, but also prompt us some positive ideas in applying it in different fields.
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